INTRODUCTION
============

Deterioration of lung function that leads to progressive acute respiratory failure in the patients with chronic obstructive pulmonary disease (COPD) requires the administration of mechanical ventilatory support. The mortality rates that have been reported for these patients range between 19% and 46%[@B1]-[@B8]. A number of prognostic factors have been reported for COPD patients, including the APACHE (acute physiology and chronic health evaluation) II score, age, the baseline pulmonary function, the oxygenation status, the number of organ failures, the nutritional status, the severity of the underlying disease and the appropriateness of the medical management[@B1]-[@B10].

It may be that in COPD patients with hypercapnia, if oxygenation is equally maintained regardless of the serum carbon dioxide, a low minute ventilation is required to maintain the optimal arterial oxygenation, and this reflects the less advanced diffusion disturbances or the less severe ventilation-perfusion mismatch compared to the COPD patients with hypocapnea. The results from experimental models of acute lung injury indicate that hypercapnea can attenuate lung injury via various mechanisms and it may have some therapeutic potential[@B11]-[@B18]. Depending on the PaCO~2~ level at admission, these physiological and therapeutic differences may affect survival for the COPD patients suffering with acute respiratory failure. However, there are conflicting reports regarding hypercapnia as a predictor for survival in COPD patients[@B8], [@B19]-[@B22].

The aim of the present study was to determine whether the PaCO~2~ level at admission was a prognostic indicator for survival in the COPD patients who underwent mechanical ventilatory support.

METHODS AND MATERIALS
=====================

Study population
----------------

The study retrospectively examined 78 consecutive COPD patients who underwent mechanical ventilation due to their acute respiratory, and they were treated in the medical intensive care unit (MICU) of a university-affiliated hospital from March 1991 to August 2003. The diagnosis of COPD was determined by the clinical criteria and the previously documented airflow limitation (FEV~1~ \<80% of the predicted value in combination with an FEV~1~/FVC \<70% that was not fully reversible)[@B23]-[@B26]. We used the clinical criteria, the clinical history with the compatible physical findings and/or evidence of hyperinflation on the chest radiography to support the diagnosis of COPD in the absence of the results for the previous pulmonary function testing[@B23]-[@B26]. A positive bronchodilator response was defined according to the ATS criteria when there was an increase of either the FVC or FEV~1~ by 12% or more and an absolute change of 200 mL of either one was documented[@B27]. The study excluded patients with COPD combined with a tuberculous-destroyed lung, bronchiectasis, kyphoscliosis, malignancy, preexisting tracheostomy and stroke. The application of invasive or noninvasive ventilation was decided upon based on the judgment of the ICU attending physicians. Noninvasive positive pressure ventilation (NPPV) was not tried dor the patients who had respiratory arrest, unstable hemodynamics, problems of airway protection, excessive secretion, anatomic abnormalities that interfered with the mask fit and poor cooperation.

Data collection
---------------

We retrospectively analyzed the following data that was collected at the time of MICU admission: the complete blood count and blood chemistry, the radiological findings, the APACHE II scores (first day of MICU), the infection status, the presence of septic shock, the co-existing medical problems and the medication. The blood gas data obtained before the start of mechanical ventilation was also analyzed. In addition, the total ventilation time, the total ICU stay, the total hospital stay and the final outcome (survival or death) during the hospital stay were reviewed. The best results for the pulmonary function testing (PFT) and the baseline arterial blood gas analysis were also obtained when the patient was stable and this was done within the preceding 3 years. For the patients who had a history of frequent mechanical ventilation, the most recent application available was selected. PFT data were available for 64 of the 78 COPD patients, and the baseline arterial blood gas data with the patient in a stable condition were collected for 53 of the 78 COPD patients. The admission route, cor pulmonale, home oxygen therapy and smoking status were noted during the chart review. A detailed smoking history, including the total pack-years of smoking, was obtained for each patient. An ex-smoker was defined as an individual who had stopped smoking for more than one year.

Clinical parameters were analyzed either between the surviving and nonsurviving groups or depending upon the PaCO~2~ value at admission: the hypercapnic group had ≥50 mm Hg, and the non-hypercapnic group had \<50 mmHg. Hypercapnia was defined as a PaCO~2~ level ≥50 mmHg[@B28]. PAO~2~ (the alveolar oxygen tension) was calculated using the following formula: PAO~2~=(760-47)×FiO~2~-PaCO~2~/R, where R was assumed to be 0.8. The alveolar-arterial PO~2~ difference was calculated by subtracting the PaO~2~ from the PAO~2~. The body mass index (BMI) at the time of admission was calculated as weight (kg) divided by the square of height (m^2^).

Data analysis
-------------

All the data were analyzed using SPSS version 11.0. All the values are expressed as means±standard deviation (SD), or as the numbers of patients and a percentage. Chi-Square and/or Fisher\'s exact tests were used for comparison of the categorical data. For the continuous data, Student\'s *t*-test was used for comparison of the parametric data, and the Mann-Whitney test was used for comparison of the nonparametric data. Multiple logistic regression using the stepwise forward method was used to evaluate the independent risk factors by including all the significant and nearly significant parameters (*p*\<0.1) The results of the logistic regression analysis are reported as odds ratios (OR) with 95% confidence intervals (CI). *p*-values less than 0.05 were considered statistically significant.

RESULTS
=======

Baseline characteristics of the patients ([Table 1](#T1){ref-type="table"})
---------------------------------------------------------------------------

Males comprised 75.6% of the study group. The emergency room was the admission route to the MICU in 76.9% (60) of the cases. NPPV was first applied in 33.3% (26) of the patients, of whom 73.1% (19) had to be intubated during their MICU stay. The baseline FEV~1~ analysis showed that the patients generally had severe airway obstruction (31.8±11.1%) even when they were in a stable state. The baseline blood gas data in the stable state was available for 53 patients, and it showed that the PaCO~2~ was 48.3±10.1 mmHg and the PiO~2~/FiO~2~ ratio was 310.9±83.1 mmHg. Home O~2~ therapy was administered in 35.9% of the cases (28 of 72 patients).

At the time of admission, the mean APACHE II score was 20.8±4.9. Septic shock was present in 13 (16.7%) of the patients, and 48 (61.5%) patients had pneumonia.

Relationship between the clinical parameters and the PaCO~2~ ([Table 2](#T2){ref-type="table"})
-----------------------------------------------------------------------------------------------

We found that the PaCO~2~ level was inversely correlated with the APACHE II score (r=-0.313, *p*=0.005) ([Figure 2](#F2){ref-type="fig"}). Although not statistically significant, the group with higher PaCO~2~ values (≥50 mmHg) appeared to have lower APACHE II scores (20.1±3.9 vs. 22.4±6.6, *p*=0.066) and more use of NPPV (40.0 vs. 17.4%, *p*=0.053) than did the group with the lower PaCO~2~ values (\<50 mm Hg). The higher PaCO~2~ group had more survivors (74.5% vs. 39.1%, *p*=0.003) and less cases of septic shock (10.9% vs. 30.4%, *p*=0.035) as compared to the lower group. There was no difference between the two groups in terms of the baseline pulmonary function test results, the total ventilation time or the BMI.

Comparison of the clinical indices between the survivors and non-survivors by univariate analysis ([Table 3](#T3){ref-type="table"}, [4](#T4){ref-type="table"}).
-----------------------------------------------------------------------------------------------------------------------------------------------------------------

The mortality rate while receiving mechanical ventilation was 29.5% (28/78 patients). The cause of death was identified in 21 patients: respiratory failure (7 cases, 33.3%), septic shock (6 cases, 28.6%), pneumonia (6 cases, 28.6%) and arrhythmia (2 cases, 9.5%).

Age and gender did not differ between the survivors and nonsurvivors, and neither did the baseline PFT including the FVC, FEV~1~ and FEV~1~/FVC. Although both groups had similar degrees of severe obstructive ventilatory defect (FEV~1~; 31.7± 9.8% vs. 32.1±14.1%, *p*=0.901) and identical PaCO~2~ levels when stable, the survivors had higher PaCO~2~ values (64.9± 16.0% vs. 48.9±17.8%, *p*=0.002) and lower AaDO~2~ (59.8±53.5 vs. 105.0±73.3 mmHg, *p*=0.000) levels at the time of ICU admission compared to the nonsurvivors ([Figure 1](#F1){ref-type="fig"}). The PaO~2~/FiO~2~ ratio was not different between the two groups.

Regarding the parameters of mechanical ventilation, compared to nonsurvivors, the survivors used NPPV more frequently (44.0% vs. 14.3%, *p*=0.011), and they appeared to have longer ventilation times, although this latter difference was not found to be statistically significant (440.3±823.2 vs. 145.4±285.3 h, *p*=0.076). There were no significant differences for the ICU stay, the total hospital stay and the number of previous mechanical ventilations between the survivors and nonsurvivors.

The survivors had lower APACHE II scores (19.0±3.8 vs. 24.1±5.1, *p*=0.000) and fewer cases of septic shock (4.0 vs. 39.3%, *p*=0.228). Although the BMI appeared to be higher in the survivors, this difference was not statistically significant (20.9±4.0 vs. 19.1±3.4, *p*=0.058). In the analysis with excluding the patients with septic shock, the survivors had a lower pH, a higher PaCO~2~ and a longer ICU stay than did the non-survivors.

Multivariate analysis for the prognostic factors ([Table 5](#T5){ref-type="table"}, [6](#T6){ref-type="table"})
---------------------------------------------------------------------------------------------------------------

Multiple logistic regression analysis that included the variables whose *p*-values were less than *p*\<0.1 showed that a low PaCO~2~ as well as the presence of septic shock, a high APACHE II score and a long total ventilation time were the independent prognostic factors for a worse outcome in the COPD patients who underwent mechanical ventilation. Multiple logistic regression analysis for the COPD patients without septic shock also demonstrated that not only were a high APACHE II score and a long total ventilation time independent prognostic factors, but a low PaCO~2~ was also an independent prognostic factor.

DISCUSSION
==========

This study showed that hypercapnia at admission was an independent predictor for better survival in the COPD patients who underwent mechanical ventilation. In addition, the study found that septic shock, a high APACHE II score and a long ventilation time were independent factors for a worse prognosis.

The PaCO~2~ levels prior to the start of mechanical ventilation were analyzed in the present study. This approach was taken since the PaCO~2~ levels can be altered by the tidal volumes from a mechanical ventilator or by other therapeutic measures designed to relieve airway obstruction during the ICU stay, and such PaCO~2~ level changes are thought to make the carbon dioxide levels less reliable as a prognostic marker.

The principal finding of this study is that elevated systemic carbon dioxide tension at the time of MICU admission was linked to better survival, and this was despite that both the survivors and nonsurvivors had similar pulmonary function and PaCO~2~ levels during their stable condition. This study also demonstrated that the PaCO~2~ levels were inversely correlated with the APACHE II scores, and that the higher PaCO~2~ group had a lower AaDO~2~ compared to the lower PaCO~2~ group. Because septic shock that causes hyperventilation and hypocapnia could have been a confounding factor in our study, we analyzed our subjects with excluding the patients without septic shock. This result also showed that hypocapnia was an independent factor for a worse outcome by the multivariate analysis. The findings suggest that high carbon dioxide levels can be an independent marker for survival before mechanical ventilation is applied in the clinical context of a COPD patient with respiratory failure.

There are conflicting data in the literature regarding hypercapnia as a predictor for survival in COPD patients[@B8], [@B19]-[@B22]. There is a concern that acidosis and hypercapnia may carry the risk of pulmonary vasoconstriction and pulmonary hypertension [@B29]-[@B33]. Many in vivo and in vitro experimental models have demonstrated that hypercapnia causes no harm, and indeed it directly ameliorates lung injury after ischemic-reperfusion, free radical exposure and ventilator-induced lung damage[@B11]-[@B18]. There are additional reports that hypercapnic acidosis attenuates several aspects of the inflammatory response, and that acidosis per se has a cytoprotective effect[@B34]-[@B43]. Indeed, hypercapnic acidosis is reported to alleviate ischemia-induced injury, and even in the heart and brain[@B44]-[@B49]. Elevation of the systemic carbon dioxide tension has been considered as a negligible side-effect that is the consequence of limiting alveolar stress for lung-protective ventilation, and permissive hypercapnia (acceptance of increased concentrations of carbon dioxide in mechanically-ventilated patients) has been found to increase survival[@B50]-[@B53]. Conversely, hypocapnia, which is related to many acute illnesses, is thought to reflect the underlying hyperventilation. However, we could not say that our results indirectly support the above-mentioned studies. Moreover, the present study was unable to determine whether acidosis or hypercapnia has the greater beneficial effect because the effects of pH and pCO2 were not separately analyzed.

Hypercapnia has been reported in clinical studies to result in a better prognosis for COPD and interstitial fibrosis patients[@B19], [@B20]. We have also observed that a higher PaCO~2~ level could be an independent parameter of better survival in respiratory failure patients with tuberculosis-destroyed lungs[@B54].

With reference to hypocapnia, it has been suggested that low PaCO~2~ levels identical to those observed during hypoxia indicate a condition that requires a higher degree of ventilation to maintain the oxygenation, and this suggests the presence of more advanced diffusion disturbances or a more advanced ventilation-perfusion mismatch[@B20], [@B54]. There is also a possibility that some degree of hypoventilation related to hypercapnia could delay respiratory muscle fatigue and improve the survival rate[@B19].

An issue for this study was the classification of COPD into emphysema and chronic bronchitis. Hypercapnia linked to a better COPD prognosis may be attributed to the possibility that late stage emphysema may have played a role, and this was more common in the hypocapnic group[@B19]. We were unable to separate the COPD patients into emphysema and chronic bronchitis groups because the HRCT data was not available.

While NPPV is known to reduce mortality in COPD patients[@B55], [@B56], the application of NPPV in this retrospective study was not randomized and multivariate analysis did not identify the independent benefits of NPPV. In this study, the mortality rate of all the patients who received mechanical ventilation while in MICU was 29.5%. The reported mortality rates for the COPD patients while they received mechanical ventilation due to acute respiratory failure range between 19% and 46%[@B1]-[@B9]. This wide range in the reported mortality may reflect differences in the severity of organ dysfunction and the different inclusion criteria for each study.

The data for the present study were collected over 10 years. Recent advances in mechanical ventilation strategies may be a confounding factor for the parameters such as the total ventilation time and survival. However, differing mechanical ventilation strategies were not considered in the analysis as the study focused on the initial manifestations at the time of MICU admission.

In conclusion, to the best of our knowledge, the present study is the first to show data indicating that hypercapnia is an independent predictor for survival in the COPD patients who undergo mechanical ventilation. In addition, the study showed that shock, a high APACHE II score and a long ventilation time were also independent prognostic factors.
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Comparison of the parameters at the time of MICU admission according to the PaCO~2~
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Comparison of the parameters at the time of MICU admission between the survivals and non-survivals
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Comparison of the parameters at the time of MICU admission between the survivals and non-survivals in the COPD patient group without septic shock.
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Multivariate Analysis for the Prognostic Factors
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Multivariate Analysis for the Prognostic Factors in COPD patients without septic shock
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